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1097- 061-12 

Pre! fmfnary Report 
flydrogeolcgfc and Englnel'rfng Studies 
Proposed Haurdous llaste landfill 
For Dow C~emfcal , T ~xas Ol; f• lon 

lie ue pleased to present ef ~h t copies of our ~relfmlnary report, 
"Hydrogeologic and Environmental Studies, Proposed Hazardous llaste 
Landfill, for Dow C~emfcal , Texas Divis ion.• 

The contents of tnls report were discussed with Or. Bone and 
other represtontath:s of Dow fn meetl nps and by telephone during early 
February, lie understand that Do• Intends to ado~t the recommendations 
~resented In th i s rep~r t. Implementation of the recomrnendatfons will 
Include relocation of the site to the west so ~s to ••old ~reas underlain 
by the dPPp soctlon of sandy fluvial de~oslts. Further, as no leachate 
detectlcn system will be Included In Vle de~ign, a more COCI'prehenslve 
shallow ground water monitoring systera than r equired under RCRA will b!.' Installed . 

The first phase of th•! ltndffl l will occupy approximately 3 acres 
In the northwtost corner of the 17 ·acre parcel fnve!tlgated for this 
report. This area Is not ~nderlaln by Recent rher deposit:; . Additional 
borings are presently being drll 1 c ~ to the west of th~ old site to 
explorl' the continuity of Vle clayey Pleistocene deposits and to deter
mine whether any tonceal e ~ . relfc c:eanders of the Brazos Rive r are 
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system is being install!!d. prt>sent. D~drg thi s dri!JiM program, th!! ground water monitoring 

for serv ice when rc~u ired . 

The log of borings dr f llt>d to dati! indicates no shallow sand lrata, 
and it appears 1 i ~ely tnat the remaining intermediate bor i ngs will 
confinn the relative uniformi ty of th!! soil cor.dltlons over tne new site 
area. We therefore rt>commend that Dt>:. finalize thir desi9ns, and adopt 
a ccnstruction schedule which will ensure that the landfill is availab le 

In the event that any une•pec ted so; I condi ti cns are encountered 
in the r ema ining boring s which would cause :~s to modify our recOI:Jmenda
tfons, we will notify Dow in writing ~t the earli!!St opportunity. 

A findl report •dl ! be sub rn itted followfns completion of the s~pplerne:~tary b:;, ong program a.od any associated tes ting. The report will 
Include prelo mlnary ba c~~round water quality analyses from the new 
monitor wt>lls. We anticipate that this report wi ll b~ available three to four weets after completion or the field work . 

It h ~ s t een a pleasure '"~Or~!ng wfth you on th i s Interesting project, 
and we lolk fon.~rd to Cofl tfnufng Our association wftil Dow on future 
rehted projects. If you have any quest i ons co~~er.,ing • , 1 report, or 
if we ca1 be of add i tiona l assistance, pl P.ase do not hesitate to contact us. 

Yours truly, 

DAMES & MOORE 

~~ 
ProJ ect Mand!Jer 

PR/.. 1 . .., 
.lames R. llussey, P. l. Partner 

SE:JRH: mrf 
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SITE &JESCR !PTIC/1 

The proposed la~dfill will be constructed at the Oow ChPmfcal Plont 

a, located In Brazoria County approxf oa tely 8 mfl~s north of ·he Gulf of 

Hfxlco (Plate l , VIci nity 11ap ). The town of Cluto: Is located approx ! 

matt'1y Z miles to the north; Velasco and Freeport are approximately 2 to 

J miles to the ~ast . The topographic Clolp (Plate '! , Site r~ap) Is a photo 

enlargemen t of a 1: 24000 scale bl ut'pr fnt provided by Dow ChemfcJ I , Th i s 

enlargeoent provide ~ a scale of 1:6000 ll Inch • 500 feet) and can be 
founC: i n a pocket at t he re~ r of this report . 

The '•clifty ;,fll occupy approximately ;7 ~cres within an 80-acre 

parcel of land adjacent to the Brazos River that has been set aside 

fo r rong-tcrm deve lopment JS a landf !ll, but which was originally graded 

and ••Se c' as a surface i mpoundment for wastewater treatement. The 

impour.dment Is reg ! stercd wf th t11c Texas Department of Water Resources. 

7he parr e: Is bounded by the Brazos River to the west and a drainage 

canal to the r;.)rth. The adjacent la nd to the east Is presently used as a 

burning ~round and S(l l! d waste disposal site, with two Incinerators 

located approximately 100 feet from the easterly site boundary. At thE> 

sol!t1 waste di spo~a l ~ f tc, t he land surfac(' adjacent to the Incinerators 

has been ra i sed by approxi mate ly 12 feet above the n3tura; surface 

elevation by ffll materials. Thfs raised area forms part of the dike 

system that has been bu !l t around the perf l!l<! ter c f the 80-acre parce l. 

The parcel Is locatr?d within the ~ander belt of the Brazos Piver . 

Na tu ral vegetation .·as !.tripped during s ite gradfn9 for the orfgfnally 

planned surface fmp oundltent . Surftce elevat ions r~ngt> bt:tween B ~n d 
11 feet above mean sed level, and an earth dike 5 to ll feet In he ight 

has been constructpd a round t.~o perimeter. Tl·e dike serves to contain 

~frect rainfa l l wh ich is channeled by a ditch along the Inside perimeter 

of the di ~ed area. Stormw.ner may be discha rged from a trap fntn the 
drAinage canJ I t.? v . ., rtor tn . 
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GEOLOGY 

The Do Chemica l :Texas Division! J 'ant at Freeport, Teus lies 

wltllln the Gulf Coast physiographic prov ince. This province is cha ra< 

terized by relatively flat, feHureless plains bordering the Gulf Coast 

basin and the f.ulf of Mexico. The overall depositional hi story of the 

Gulf Coa~t has been one of gulfwud migration of shorelfnes and the 

continental shelf edge, leaving thJck accu"--lations of Sediments dlppin~ 
gulfward wftll Inc! nations geMrally of less tllan 2 degrees. F"Lrtlle,-, 

tills migration has superimposed progressively l~ndward dep~sitlonal 
enYironments (generally sar.dy ) over an open marine depositional environ

ment (generally clayey ) in an eHremely complex and dynamic Interplay 

Involving ba:fna l filling, r·egfonal subsidence , shfftlng deposftlonai 

environmen t s , sea level fluctuations and development of structures by 
salt and/ or_shulc diapiris m. 

Do?ve !opmcnt of subsurface fault zo.1es Is a recognized met~od oi 

stress relfef In an actively growing/subsiding basin , • : S~diments are 

curled ana dtposited beyond tile conti ~ental shelf, stresses build up 

nearshore due to the Increase d weight of the accumulating basinal 

sedlmentati c.''· These faults , :.<hlch are kno..n as growth faults . are 

usually very long, but produce little surfichl express I on du~:- largely to 

tile gent! ruT plastic character of tile overlying Quaternary deposl tfon. 

Subs11 rface faulting Is also associated wftll 1fapfr salt . • ale uplffts 

(salt aomes ) Jnd co~s ist of arcuHe and Slllolller radiating faults. 

Recent of! studies indicate thdt til~:- triggering of active surface 
faulting Is fnfluencca by l r1cal subsidence directly related to the oil, 

wJter and gas product ion rHes from an area. The rapid lowering of 

pfezORietrfc surfaces of Gul r Coast dquhers c~n be a possible mechanism 
for faul t activation dnd defo rmation . 
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In the ifclnlty of the site the ao•eal distribution of the various 
surflc !a l deposits hdS been comple tely domina te<! by the historical 

~tandert ngs of the Brazos RIver. These ke.:en t deposits, Including Inter

dlstrlbutary clays, silts and sandy silts, alluvial sands and silty san~s 
and deltaic organic silts and silty clays, extend to depths of up t' 120 

fee~. Deep borings (>500 !ect) In the ao·.!a reveal that al terndtlng 

clays, s! lts and sands of the Beaulll?n~ . Montgomery and Bentley formations 

extend to depths of 500 to 600 feet where the Wi llis Sand Is first 

encountered . The Willis continuos to a depth of approximately 1,100 feet 

repre~entlng the bas-:- of the Chlcot Aquife r (see Geohydrolo lc Colu mn , 
Plate Jl. 

Bryan ~uund, a shal10'.4 plercement dome, Is locdted approxl mdtel.t 5 

miles south- southeast of the s'te. Dt:e~ subsurface faults are known to 

radiate fr~m this do:ne in several directions. Howe~o~. the displacement 

obser\'ed at these depths !2,000 to 3,000 fel!t) produces little, ff any, 

surffc !al expo·cssfon due largely to the plastic nature of the c.verlying 

Oaaternary sed!men ~at ion. Further, tloe mech .~ •l:m of Gv !r Coast "gro~tth 
faulting• Is c~aracterized hy landslides or gravity-slides ~thlch nroduce 

a situation whereby the disp l acement Is reduce<' or "dies• as the surface 
Is app roached. 

literature reveals the existen: e of Just such a deep-seated feature 

looted north of t~e Site, subparall~ling tloe coastl ine. The featur.? Is 

presumably a growu, fault . lt lies Jutslde ~f the req.: lred mile boundary 

and h therefore of nn consequenc .. to this repor t. Upon close scrutiny 

of available maps and aerial photograp~v (both black-and-~thlte and color 

ln : rare~). the bolo crossing-tonal ~~omalies mentioned in our proposal for 

this project have be,•n , tn our opinion, photogrametrlcally misinterpreted 
an1 are actudlly plpe l!~.e s. 

Detailed informa tion re lat ing to site geology Is presented In 
a subsequent section, "Site Cond i tions. • 
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HYDROLOGY 

!lrafnage Patt~rns wl thin 1,000 feet of the projec t area are 
controlled by ~he Brazos River. Point source runoff containment will be 

a construction design consideration. Drainage of the Brazos Ri ver and 

:>yster Creek Is towards the sc th-southeast, wfth a minor por t ion of the 

area west of the Brazos draining In d south-southwesterly direction via 

Jones Crt'ek. All >treams and natural drainage sntt'llls eventually empty 

Into the Intracoastal llaten.-ay ilnd ~he Gulf of Me~lco. Surface drainage 
feuures are shown on Plate 2. 

The Freeport area :1as been subjec! to frequent and serious flooding. 

The construction of control structures a long the ~ razes , together with 

protect ion In t he fo m of l evees , has mitigated the problem to a large rxtent. 

'he u.s. Corps of Engineers perfiJrmed a prelfminary flood sb•dy for 

the Freeport area and estiMated that the 100-ye~r surge elevation will be 

14 feet ~ bove sea level IExhlbi t 1). The highest recorcled fl ood level In 

the area re~ortr. d on Exhibit I 11 7.2 f eet was prfor to cons t ruction of 
the control structures on the Brazos 

According t.l the Federal lnsu r·ance Ac:'lnlnistratl n Insurance Rate 

t!ap f or the City of •. ate Jackson,. the 100-year fl ood e1evatfor. at the 
sfce Is approdmately 13 feet . 

GROUND llA T£R 

Formations prov : d i n~ potabl e grou.1d water in Brazor ia County range 
fn a;e f r om PlfoLenp t o Holocene . These units are : the Golfad sand, 

llfllls sand, B ~ntlcy fo rmHion, Hontgome,.y fomatlcn, Beaumont clay and 
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fel!t be low ~ea level al'1 llldSSfve sands 5 to l(l feet thfc( occurring at 

elevations approxl~r.a tely 15 to 20 fee! below Se<l level over the eastern 

port ion of th~ site . The sands ar e part of the Recent alluvium deposite1 

by the Bruos River. Hydraulic cot.nection lll.'tween these sands and the 

upper unit of the Chicot Aquifer cannot b~ completfly ruled out. ~ efore 
e~tensive pumpi ng in the Freepor t area, a natural dynalllf c eqo~llfbrium 
existed in the aquifers. The fvangelll'~ , under artesian pressure, seeped 

upward into the lower Chicot. Flow In the Upper Chfco r., which wa~ under 

water table conditions in some areas and under artesian pressure In the 

project area, was in part vertically upwards t owards zones of Inter

connections wi th the major alluvial sys~ems. Re versal of the hydrauli c 

gradient has occurred as a consequence of lo~ering the p i ezometric 

surface of t he U~~e r Chicot Aqulfl!r. The lower u~lt Is still artesian 

throughout the proJect area. The upper unit, however, being the r.10st 

highly de H•loped aquifer in th e areo1, is producing signs of watl.'r tab!!' 

conditions with some recha r ge most likely takl 11 g place from the Brazos and San Bert~ard Rh•ers . 

It Is unl !kely that in the vicini~ of the site, the Recent sanJ s 

are In direct hydraul ic connection with the Upper Chlcot. The moderate 

to high s~ lin f ty of the ground Wdtrr benedth the site would, ff this were 

a signlflnnt sourct> of recharge, cause an inc .-ease In the Hlinlty of 
th e ground Wolter In the Upper Chlcot. 

lifter quality analyses of samples from th~ Upper Chicot do not 

show high chloride content /Table 1). kecent data from the Oyster Creek 

Dfvfsfon plant (1979) shows that In thfs area, the chloride level In the 
Upper Chfcot Is essentially th1 sa""! a s ! : was In 1953 . 

An estfllldte of the nu .~u of "'ells within I mile of U:e proposed 

site has bt:en llldde by Dow and conf!rmed by the Coun~ llo:oalth Officer. 

' These welis are g~eral ly sc reened In the Upper Chicot between 160 and 

200 feet. A breakdown or the total estftllilte of 46 wells , by area, is presented In E•hlblt 2. 
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SITE C:JIIDITIOilS 

Three separate !nvest : g tions have oeen performed at thr site 

t>etwern 1972 and the present, during which !6 borings were drilleu. 

Locations of the borings and subsu~f~ce sections are sh~~n on the 

Plc:.t Plan li late 5) . The logs of borings drilled during this investi 

gation dre presented in Append!~ A. Logs of previous bor i ngs are not 

presented In thf< report . hut have been used in tt ~ development of cross 

sections M-, 88- , CC- and DD- (P l ates 6 through 9). 

r. rev iew of the borln~ logs and cross sections reve~.ls a char.ge 

In soil conditi ons across the site. In the vicini~ of Borings DH-1 ~nd 

HW-3, the s tiff to very stiff clays of the Beaumont for~ation were 

encountered at shallow depths. In contrast, Boring H\1-l revealed more 

than SO. feet of fnterbedd~d sands, s:lts and clay mhtures overlying the 

Beaum,•nt. An an.lysis of all the available boring dolta enabled an 

lsopacl. to be drawn which shows the top surface of the 8eaum.1nt clay 

(Plate 10). From the configurati on of this >urface, It Is clear that 

a portion of ~he site is underlain by an old river meander whtch has 

been inf ! lled with a variety of river sediments . Despite the hetero

s~netty of th'! river deposits, there appears to be a consistent stratum 

of chy overlying the whol'! site which is generally at least 10 feet In 

thickness. 

These surface clays arc rela t ively f ~permcJble, with ~easur d 

pennea~illty values in the range 1 X 10·7 em/sec to I X 10·8 em/sec . 

The shear strength of this material tends to vary depending on t~ degree 

of C:esiccation and •~e presence ot organics . Shear strengths of the 

Nterials In the uppe• 1(1 feH have l>een measured In the range 500 ps f 

t.J 2,500 psf, and set'lll to average around 1,000 psf. The Beaumont clay 

is stiff to very stiff, with ~ t ear strengths ra'lgfng from approximately 

1,500 psf to ~ore t ha n 4,000 psf. Tne r!ver deposits between the 
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Heau,DOnt and the surface cap 'lf clay tend to be silty and sandy and 
medium dense . 

The ground water ta b)_, at the site -:urles In elevation f r om 

approxtmatel!· •8 fn tl>e vicinity of Boring MW-3 to 0 In the vicini~ 
of Boring HW -1, indicating a southenterly flow of the shallo" ground 

water . This 1s entirely reasonable In view of the regional drainage 
(prt!dornfnantly southerly) and the proximity of the Brazos River . The 

gro11nd water table over mo s of the s i t e area appears to be on the order 

of 4 to 5 feet bela.. the existing ground surface. The c!eeper ;round 
wat,;r levels recorded on some of the !loring logs reflect the fact that 

these bor·lngs wer~ drilled from the higher ground around the per imeter of 
the site. 
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OESI G~I RECOM.'IENDATJOIIS 

GENERAL 

Pending ( PA regu l ations require that the suitability of ~ site 

for hazardous waste disposal he evaluated In far greater detail than 

generally required in the past. The slated objectives of EPA In prepar

Ing th£ regulatfo~s are to protect the quality o f ground water and 

surface water . Accordingly, flo od suscep~ibf 1 ity, depth to • rou r.d 

water, 4nd the properties of shallow subsurface so1ls are of pa~~mount 

Importance . 

The provosed site Is located in an area whi~h fs prone to flooding, 

and the dept t. to the uppermos~ ground W4ter table is shallow. Ho .. ever, 

these apparent deflclencf e ~ are, fn part, compensated by the local 

geologic ar. ~ hydrologic condi tfons and can, In our opinion, be further 

mitigated by the use of properly engineered features. 

The shallow ground water at the site Is moderately to hlshly sl'lne, 

and fs net believed to b~ a source of recharge for the Upper Chicot 

Aquifer in thf~ area. The surface soils In the site area appear to be 

consistently clayey with df ~contfnuous s o nd~ present only below a depth 

of 8 to 10 feet over the southerly portio~ of the site. It should be 

noted th~ t these sands have the po ·,en tl a 1 for con:anof nan t transport, 

as determined during a pre•fous Investigation at the Slte. The results 

of this Investigation are d i scussed fn great~r detail ln the follow

Ing section, "Groun1 WatH Monitoring. • The source of contaminants 

discovered In these r.edi toents f s not known, and f t 1s possible that 

si gnificant latera 111Cl vem~ nt h.s take~ place. There Is a possibility 

that there are small outcrops of sand wfthfn the site area whi ch ~ere not 

observed during the fnvestfga t ' on. If present, such outcrops could 

provide a conduit for the migration of conumfnants from the surface. 

The necessity for careful Inspection of the surface of the lan~!lll 
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during con~tructlo~ Is cl~ar. Mt>asu r-c s to mitigate th(' prest>nce of such 
sand outcrops are discussed l n th(' following Pd ·agraphs. 

The potentially ad•erse effects of the Interbedded sands underlying 

the southerly portion of the :; fte may bt> furtht>r :lli tigated by rt>location 

of tht> devt>lopme t of the f!rst-phast> l.;ndf!ll to tht> west. n .. , altt>r

natt> loc~Uon would be selected such that th~ Ct>ll, or group of Ct>lls, 
would be underlain by the stiff , more homogenous Beaul!llnt clay. 

LillER Dt SIGII 

Prec ipltatlon In tht> a:·ea t>xce~ds evaporation by allrroxlmatelr 

4 inches. A lfner design consisting of a lfncr <Jnd leachate collection 

system woulrt tht>refort> b'! rcqufrt>d und('r tht> pending rt>gulations. The 

liner systt>m ~~Y be constructed using suitabl e inplace or importt>d so i l. 

Alternat i vely , a composite soli and membrane liner could b!' utillzt>d. 

Since th~ sltl' Is undt>rltln by a strat~m of low pe~ablllty clay, a 

5-foot thick, natural sol I I lnt>r with a leachatt> collt>ctlon systea Is 

l!kely to oe the most economic option, Undt>t· the.> PC'nding regulations, 

tht> bottom of tne lfnt'r should, wht>re posslblt>, bt> scparatt>d from the 

ground watt! • tablt> by a minimum of 5 feet. The natur·d) ground surface In 

the site area I s on tht> ordc.>r of 9 to 10 feet above sea levt>l, and tht> 

ground wnc.>r table Is at a depth of approxl""'tt>ly 4 to 6 feet. The 

Spt>rlfled separation will rC'qu i r e tht> p!acew1ent of approxil".ately 5 feet 

of ffll throughout tht> sltt>, resu l ting In the Import of 1110rt> than 100,00{) 
cubic yards of clay. 

Undt>r the provision! of the pending r£>gulatlons, tht> S-f'lot 

:;eparatlon may bt> waiv~ d II It can bt> demons tratt>d thH tht> ground wHer 

table will not COI!Il> in co.otact with t.'l t> landfill, and tt.at d leachate 

IIIOnltorfng systt>m can bt> installed satfsfactorily. Tht> <teslgn of tht> 

leacttate monltorln9 / coll t> ctlon $Jstem Is likely ~o bt> a critical factor 
in the asst>ssment of the applicability of this otaivt>r. 
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Th~ base c f the 14ndfl11 should be maintained at or above th~ 

pres"~t rand surface. The potential for contact between the ground 

water ta~le and the landfill will tnus be m:nlmlzed . 

Prior to ger:erol grading of the line•· >urface, the entire are~ 

should ~e stripped to a de' th of 6 Inches to permit a thorough Inspection 

of the soil for Identification of any zones of sand which may be present . 

In the event thU d sand zone 1s encountered, It must be excavated to a 

depth of 5 feet and replaced with compacted clay. A furthe r· advantage of 

relocating the site to the west Is thdt the possibility of encountering 

such a feature Is minfmlzea. 

r :oe clay 1 iner must be graded to drain so that the ~eachate 

coll~ctlon system will functlcn properly, and leachate will not be 

permitted to pond on the surface of the liner. The design grade should 

:,e no less than I percent towards thl' central collection system. The 12 

inches u! porous medium r('Qulred by the regulations for t•e leachate 

collection s)Stem should be placed over t'le grat!t •:l liner surface. The 

use of a lightly compacted medium to coarse sand Is recommended for this 

purpose. 

An alternate design for the liner system Is s~.own on Plate 11 and 

Is discussed In the section, "ce~chate Monitoring.• This design will be 

required only In the event th~ t a lea~hate detec t ion system Is rer,uircd 

by regulation, in ac1di t fon to ~he coll~ction sys•em. 

LEVE£ DESIGN 

Accordin9 t o the pending regulations, the perlmet~r leve~s should be 

desIgned to pro c~ t the facfl I ty fr0111 a 500-year storm. The rr.agnl tuliP of 

a 500-year storm surge hlS not eP.r. calculw teo for thl~ area. We there· 

fore recomme nd that the flood p.-otectlon system be based on the 100-year 

su r~c elevation of +14 feet with 4 2-foot frteboard above that elevation . 
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It sh~~ld oe note~ that t he site prep~ : tlon for the liner (gradln!! of 

the ltner surface and Installation of tn;, leachate collec t ion s ste:n) 

will be r~latlvely r~pensive. Therefore, there r.l<ly be some s i gnificant 

advantage to r aising the levees above the reco~~~nended elevations to 
minimize the area of landf i ll req~ lred . 

lie rec0111nena that t.1e 1 evees be construe ted usIng compac t~d c 1 ay, 
with Clutside s l opes of 2 horizontal to 1 ~ertlca l and lnsld:! slopes of 

l -112 horizontal to 1 vertical. Th~re will be no significant advantage 

of providing a keyway around the foundation of the l eve.:, providing 

that any san '! zones In the foundation have been treated as outlined 

previously. The o.utsi C:e slopes should be vegetated to minimize erosion. 

F'lll PLACEMH/T 

Surfar.es to rece i ve f i ll shouloj be scarifl e tt c l depth of 12 

Inche s, moisture cond i t i oned to ne ~ r opti mum moisture co·ntent , and 

compacted to a dry den s i ~y of at least 90 percent of the ma~imum dry 

dens i ty as de fined by t he AS H! 1557-70 c ocnpactf o~ tests. Fill should be 

place1 In 8- lncl: loose lifts slightly above optimum moistuo-e content and 
compacted to. at least 90 percent rel ~ t i ve compaction. 

i nspect i on of the site for sand outcrops shoulof be perfom:ed by 

a qualified sof!s ~ngineer . All fi ll placement operations should be 
ot. s~rved continuously by the soils engfneer. 
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